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Abstract Recent studies suggest US medical schools are
not effectively addressing musculoskeletal medicine in
their curricula. We examined if there were specific areas of
weakness by analyzing students’ knowledge of and confi-
dence in examining specific anatomic regions. A cross-
sectional survey study of third- and fourth-year students at
Harvard Medical School was conducted during the 2005 to
2006 academic year. One hundred sixty-two third-year
students (88% response) and 87 fourth-year students (57%
response) completed the Freedman and Bernstein cognitive
mastery examination in musculoskeletal medicine and a
survey eliciting their clinical confidence in examining the
shoulder, elbow, hand, back, hip, knee, and foot on a one to
five Likert scale. We specifically analyzed examination
questions dealing with the upper extremity, lower
extremity, back, and others, which included more systemic
conditions such as arthritis, metabolic bone diseases, and
cancer. Students failed to meet the established passing
benchmark of 70% in all subgroups except for the others
category. Confidence scores in performing a physical
examination and in generating a differential diagnosis
indicated students felt below adequate confidence (3.0 of 5)
in five of the seven anatomic regions. Our study provides
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evidence that region-specific musculoskeletal medicine is a
potential learning gap that may need to be addressed in the
undergraduate musculoskeletal curriculum.

Introduction

Musculoskeletal conditions comprise a substantial portion
of patient visits in a wide range of clinical practice,
accounting for nearly 20% of complaints and injuries in the
emergency room [5], 20% of nonroutine pediatric visits
[4], and 15% to 30% of primary care visits [10]. According
to the National Ambulatory Medical Care Survey, mus-
culoskeletal complaints accounted for approximately
92.1 million cases in 2004 and were the number one reason
for visits to physicians’ offices [8].

The frequency of musculoskeletal complaints that arise
in clinical practice dictates that all medical students should
be well versed in musculoskeletal medicine. However,
recent studies suggest medical schools do not provide
adequate musculoskeletal education in their curricula.
Students not only failed to show cognitive mastery in
musculoskeletal medicine [3, 9, 11] as measured by
Freedman and Bernstein’s validated musculoskeletal
examination [7], but also lacked clinical confidence in
examining the musculoskeletal system and believed the
amount of curricular time spent in musculoskeletal medi-
cine was poor [3]. Yeh et al. recently reported that only
students interested in orthopaedic residencies met the
passing criterion for Freedman and Bernstein’s examina-
tion and exhibited above average clinical confidence [12].
Not surprisingly, several studies assessing US residency
programs suggest residents also did not show basic com-
petency in musculoskeletal medicine [7, 9] and felt poorly
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prepared to perform a musculoskeletal examination on
various parts of the body [2].

However, few studies have focused on identifying spe-
cific learning gaps in the undergraduate musculoskeletal
curriculum, which if appropriately identified, could assist
efforts at curricular reform. One study in 2005 examined
medical students’ knowledge in musculoskeletal medicine
with respect to several categories, including oncology,
pediatrics, sports, spine, and trauma using a considerably
shortened version of Freedman and Bernstein’s examina-
tion [11]. They noted the lowest number of correct answers
in spine, but the mean rate for all questions was 61%.

We therefore reexamined survey results from a previous
study [12] and focused on region-specific musculoskeletal
medicine, which included previously unpublished data. We
investigated whether medical students in their clinical
years of training exhibited particular areas of deficiency in
our musculoskeletal curriculum by evaluating their cogni-
tive mastery of musculoskeletal medicine in specific
anatomic regions and in more systemically relevant topics.
We also evaluated the same students’ level of confidence in
performing a physical examination and in generating a
differential diagnosis for seven anatomic regions.

Materials and Methods

We analyzed data from a cross-sectional survey study of all
4 years of medical students performed at Harvard Medical
School during the 2005 to 2006 academic year. Recruitment
methods are described in detail in an earlier report [3]. All
participating students completed Freedman and Bernstein’s
nationally validated cognitive mastery examination in
musculoskeletal medicine consisting of 25 short answer
questions [7] and a survey that elicited students’ confidence
in performing physical examinations and in generating
differential diagnoses for various musculoskeletal anatomic
regions. Students were not allowed to use outside resources
and were given as much time as needed for completion of
the examination. The passing criterion for the examination
of 70% was determined by 240 internal medicine residency
program directors across the United States reflecting what
they believed medical school graduates should know [7].
For this study, we only used data from the 162 third-year
(88% response rate for third-year class) and 87 fourth-year
students (57% response rate), because those students have
experienced the majority of the medical curriculum. Anal-
ysis regarding the influence of residency interest and
clinical electives on students’ musculoskeletal education
using this data set has been reported [12].

To assess students’ cognitive mastery of different anatomic
regions, we analyzed Freedman and Bernstein’s 25-question
examination according to four separate categories: “upper

extremity,” “lower extremity,” “back,” and “others,”
which included more systemic conditions such as metabolic
disorders, arthritis, and cancer (Table 1). Thirty-four third-
year students and three fourth-year students reported prior
exposure to the examination, most commonly from reading
the original article by Freedman and Bernstein, which con-
tained the accepted responses [7]. We excluded the
examination scores of these students from the cognitive
mastery analysis.

Clinical confidence levels in performing a physical
examination and in generating a differential diagnosis were
measured for seven areas of the musculoskeletal system,
including the shoulder, elbow, hand and wrist, back, hip,
knee, and foot and ankle. Self-reported confidence levels
also were elicited for the musculoskeletal system as a whole
and for the pulmonary system for comparison. The pul-
monary system was chosen because musculoskeletal and
respiratory symptoms comprise the top two reasons for visits
to a physician’s office [8]. Scores were reported on a five-
point Likert scale (1 = none, 2 = low, 3 = adequate,
4 = high, 5 = complete confidence). The two questions
asked for each category were: (1) “How would you rate your
level of confidence in doing a physical examination on the
listed body parts or system?”’; and (2) “How would you rate
your level of confidence in making a differential diagnosis
for pain in those areas?” One third-year and one fourth-year
student did not complete the subjective portion of the survey.

We used two-tailed Student’s t-tests to compare the
overall cognitive mastery examination scores with each
anatomic region and clinical confidence between regions and
one-sample t-test to determine whether students’ clinical
confidence in various anatomic regions was considerably
below average confidence. All analyses were conducted
using SPSS version 15.0 (SPSS Inc, Chicago, IL).

Results

Examination scores suggested a large discrepancy between
students’ knowledge in region-specific and more systemic
musculoskeletal medicine. Compared with the overall
third-year examination score, third-year students per-
formed worse on questions related to the back
(p < 0.0001), lower extremity (p = 0.0002), and upper
extremity (p = 0.004) (Fig. 1A). The average examination
score for the others category was higher (p < 0.0001) than
the overall third-year performance and was the only cate-
gory in which students met the passing criterion of 70%
[7]. Compared with the overall fourth-year examination
score, fourth-year students also performed worse on ques-
tions related to the back (p < 0.0001), lower extremity
(p = 0.03), and upper extremity (p = 0.010) (Fig. 1B).
The average examination score for the others category was
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Table 1. Freedman and Bernstein’s exam questions by categories

Category Question

Upper extremity

5) A patient punches his companion in the face and sustains a fracture of the 5th metacarpal and a 3-mm break

in the skin over the fracture. What is the correct treatment and why?

8) A patient lands on his hand and is tender to palpation in the “snuff box” (the space between the thumb extensor
and abductor tendons). Initial radiographs do not show a fracture. What diagnosis must be considered and why?

10) What nerve is compressed in carpal tunnel syndrome?

12) How is the motor function of the median nerve tested in the hand?

23) What muscle(s) is/are involved in lateral epicondylitis (tennis elbow)?

24) Rupture of the biceps at the elbow results in weakness of both elbow flexion and ___?

25) What muscle(s) control(s) external rotation of the humerus with the arm at the side?

Lower extremity
be evaluated?

4) A patient dislocates his knee in a car accident. What structure(s) is/are at risk for injury and therefore must

9) A 25-year-old male is involved in a motor-vehicle accident. His left limb is in a position of flexion at the knee
and hip, with internal rotation and adduction of the hip. What is the most likely diagnosis?

13) A 12-year-old boy severely twists his ankle. Radiographs show only soft tissue swelling. He is tender at the distal
aspect of the fibula. What are 2 possible diagnoses?

15) A patient has a displaced fracture near the fibular neck. What structure is at risk for injury?

16) A 20-year-old injured his knee while playing football. You see him on the same day, and he has a knee effusion.
An aspiration shows frank blood. What are the three most common diagnoses?

20) What is the function of the normal anterior cruciate ligament at the knee?

22) In elderly patients, displaced fractures of the femoral neck are typically treated with joint replacements, whereas
fractures near the trochanter are treated with plates and screw. Why?

6) A patient comes in the office complaining of low-back pain that wakes him up from sleep. What two diagnoses are

11) A patient has a disk herniation pressing on the 5th lumbar nerve root. How is motor function of the 5th lumbar

14) A patient presents with new-onset low-back pain. Under what conditions are plain radiographs indicated? Please name

Back
you concerned about?
nerve root tested?
5 (example: history of trauma).
Others

2) What is a compartment syndrome?

1) What common problem must all newborns be examined for?

3) Acute septic arthritis of the knee may be differentiated from inflammatory arthritis by which laboratory test?

7) How is compartment syndrome treated?

17) What are the five most common sources of cancer metastatic to bone?

18) Name two differences between rheumatoid arthritis and osteoarthrosis.

19) Which malignancy may be present in bone yet typically is not detected with a bone scan?

21) What is the difference between osteoporosis and osteomalacia?

(Adapted and published with permission from Freedman KB, Bernstein J. Educational deficiencies in musculoskeletal medicine. J Bone Joint

Surg Am. 2006;374:1-33.)

higher (p < 0.0001) than the overall fourth-year perfor-
mance and also was the only category in which students
met the passing criterion. There was significant improve-
ment in performance from third year to fourth year with
respect to the overall score (p = 0.0002), upper extremity
(p = 0.03), lower extremity (p = 0.002), and back
(p < 0.0001), whereas there was no significant improve-
ment in the scores for the others category (Fig. 1).
Students showed inadequate clinical confidence in per-
forming a physical examination for the musculoskeletal
system as a whole and for the majority of anatomic regions
(Fig. 2A). Third- and fourth-year students were more
confident (p < 0.0001 for both years) in performing a

@ Springer

physical examination for the pulmonary system compared
with the musculoskeletal system [3]. Third-year students
were below (p < 0.0001 in all six categories) adequate
confidence (three of five) for six anatomic regions and were
only above adequate for examining the knee (Fig. 2A).
Fourth-year students were below (p < 0.0001 in all five
categories) adequate confidence in five regions and were
only above adequate for the knee (Fig. 2A). Confidence in
examining the back was below adequate for the fourth-year
students, but results were not significant (p = 0.2670)
(Fig. 2A). The only region fourth-year students showed a
higher level of confidence than third-year students was in
the back (p < 0.0001) (Fig. 2A).
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Fig. 1A-B (A) Competency examination scores of third-year stu-
dents divided by categories (N = 128) are shown: examination scores
(mean &= 95% CI of mean): overall (54.8 £ 2.59); back
(29.2 £+ 3.50); lower extremity (45.4 & 4.24); upper extremity
(48.2 £ 3.79); others (76.9 £ 3.52). (B) The competency examina-
tion scores of fourth-year students divided by categories (N = 84) are
shown: examination scores (mean £ 95% CI of mean): overall
(62.1 £ 2.88); back (43.2 + 4.83); lower extremity (55.7 £ 5.28);
upper extremity (54.9 £ 4.73); others (80.1 & 3.22). CI = confi-
dence interval.

Students also had inadequate clinical confidence in
generating a differential diagnosis for the musculoskeletal
system as a whole and for the majority of anatomic regions
(Fig. 2B). Third- and fourth-year students were more
confident (p < 0.0001 for both years) in generating a dif-
ferential diagnosis for the pulmonary system compared
with the musculoskeletal system (Fig. 2B). Third-year
students were below (p < 0.0001 in all categories) ade-
quate confidence for all anatomic regions (Fig. 2B).
Fourth-year students were below adequate confidence in
four regions (p < 0.0001 in all four categories) and were
above adequate for the knee and back (Fig. 2B). Fourth-
year students exhibited a higher level of confidence than
third-year students for the back (p < 0.0001) and the knee
(p = 0.004) (Fig. 2B).
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Fig. 2A-B (A) The clinical confidence scores in performing a physical
examination for third- and fourth-year students (N = 161) are shown.
Numeric scales were categorized as: 1 = no confidence; 2 = low
confidence; 3 = adequate confidence; 4 = high confidence; 5 = com-
plete confidence. Scores (mean £ 95% CI of mean): overall pulmonary
system: third year (4.00 £ 0.13), fourth year (4.00 + 0.18); overall
musculoskeletal system: third year (2.60 £ 0.11), fourth year (2.65 £+
0.15); shoulder: third year (2.60 £ 0.12), fourth year (2.62 % 0.15);
elbow: third year (2.52 £ 0.13), fourth year (2.49 & 0.17); hand/wrist:
third year (2.71 £ 0.14), fourth year (2.53 £ 0.18); back: third year
(2.44 £ 0.14), fourth year (2.90 £ 0.19); knee: third year (3.14 £+
0.15), fourth year (3.23 £ 0.20); hip: third year (2.64 £ 0.13), fourth
year (2.64 £ 0.19); foot/ankle: third year (2.46 £ 0.14), fourth year
(2.51 £ 0.16). (B) Clinical confidence scores in generating a differen-
tial diagnosis for third- and fourth-year students (N = 86) are shown.
Numeric scales were categorized as: 1 = no confidence; 2 = low
confidence; 3 = adequate confidence; 4 = high confidence; 5 = com-
plete confidence. Scores (mean % 95% CI of mean): overall pulmonary
system: third year (3.71 £ 0.13), fourth year (3.84 + 0.19); overall
musculoskeletal system: third year (2.35 + 0.11), fourth year (2.57 £+
0.14); shoulder: third year (2.35 £ 0.12), fourth year (2.51 % 0.15);
elbow: third year (2.27 % 0.12), fourth year (2.39 + 0.15); hand/wrist:
third year (2.47 £ 0.14), fourth year (2.46 £ 0.15); back: third year
(2.52 £ 0.14), fourth year (3.06 £ 0.19); knee: third year (2.67 £
0.13), fourth year (3.01 £ 0.19); hip: third year (2.35 £ 0.12), fourth
year (2.94 £ 0.16); foot/ankle: third year (2.32 £ 0.12), fourth year
(2.37 £ 0.14). CI = confidence interval.

Discussion

We previously examined the overall effectiveness of the
musculoskeletal curriculum at our medical institution and
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concluded the existing curriculum was inadequate [3]. A
followup report indicated that only those interested in
orthopaedics showed cognitive mastery and adequate
clinical confidence in musculoskeletal medicine; and a
mandatory clinical clerkship in orthopaedics considerably
improved students’ attitude, knowledge, and confidence in
the field [12]. To gain further insight on specific areas of
weakness in the musculoskeletal curriculum so appropriate
curricular changes can be made, we analyzed students’
knowledge and clinical confidence with respect to specific
anatomic regions.

Our results must be taken in the context of several
limitations. First, as a single-institution study, our popu-
lation and curriculum content may not represent those of
other medical institutions. However, the inadequacy in the
musculoskeletal curriculum seen at our institution is likely
pertinent to other medical schools. Currently, only 41.8%
of American medical schools require a preclinical module
and 20.5% require a clinical component in this area [6]. We
require a preclinical component in the second year, and one
of our four major teaching hospitals requires a 2-week
orthopaedic clerkship during the clinical years as well.
Second, is the way we categorized the examination ques-
tions. There are only a few questions for each category and
these categories were not individually validated in the same
manner as the entire exam, so there may be concern about
the reliability of the results. However based on the mag-
nitude of the difference in score between the others
category (3rd: 76.9, 4th: 80.1) and back (3rd: 29.2, 4th:
43.4), lower extremity (3rd: 45.4, 4th: 55.7), and upper
extremity (3rd: 48.2, 4th: 54.9), and the consistency to
which the examination scores of the three region-specific
categories are lower than the others category, we believe
that there is substantial evidence to draw our conclusion
that region-specific musculoskeletal medicine is a specific
area of weakness. Third, there are disadvantages from the
timing of the administered survey because not all data were
collected at the same time for each year, which may raise
the question of test reliability. The third-year students were
surveyed on completion of their general surgery rotation
that offers education in musculoskeletal medicine in the
form of an orthopaedic surgery elective. However, as there
were no other musculoskeletal electives that students took,
we believe biases resulting from surveying students
immediately after the surgery rotation would tend to
increase third-year students’ examination scores. The
fourth-year students took the survey at various times
throughout the year because we could only elicit their
participation by contacting multiple courses and offering
boards review sessions. Some of these students took elec-
tives related to musculoskeletal medicine, and the influence
of taking these electives was described in a recent study at
our institution [12]. Finally, is the question of the reliability
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of students’ self-reported clinical confidence levels. Cau-
tion should be taken when interpreting self-reported
clinical confidence as well, because this is not necessarily
an accurate reflection of the students’ clinical skill. There
also may be intrarater variation if students were asked to
report their clinical confidence. Although this cannot be
discounted, we believe the confidence levels are still
important because we provided a baseline for comparison
between the musculoskeletal and pulmonary systems and
had students respond to multiple different regions, the
results of which would more likely be reliable.

Our data suggest students’ knowledge and clinical skills
related to specific anatomic regions may not be adequately
addressed. As seen with the competency examination,
students performed considerably worse on questions per-
taining to the upper extremity, lower extremity, and back
compared with other question types, including more sys-
temic conditions such as arthritis, metabolic bone
disorders, and cancer. Students’ confidence in performing a
physical examination and in generating a differential
diagnosis also indicated inadequacy in examining specific
musculoskeletal regions because third- and fourth-year
students reported below adequate confidence for examining
the majority of seven regions. Performance on the exami-
nation and reported levels of clinical confidence may not
necessarily be linked. Although we were not able to
objectively assess the students performing the examination
in a clinical setting and so cannot correlate clinical confi-
dence with test competence directly, our analysis revealed
little correlation between overall examination scores and
overall confidence levels in performing an overall muscu-
loskeletal physical examination (third year, r = 0.248;
fourth year, r = 0.140). One possible explanation may be
students who have more textbook knowledge may not have
much clinical exposure and vice versa.

Compared with third-year students, fourth-year students
reported a higher level of confidence in performing a
physical examination of the back and in generating a dif-
ferential diagnosis for the back and knee. Fourth-year
students are likely more confident because they took a
mandatory 2-week rotation in orthopaedics during their
third year (this requirement was turned into an elective for
the third-year students in our study as a result of a policy
change at our institution). However, why this only made a
major improvement for the back and knee is unclear.
Possibilities include students had more exposure to par-
ticular patient subpopulations or perhaps certain
examinations were more thoroughly taught.

The learning gap in musculoskeletal medicine related to
specific anatomic regions may be a result of the organization
and content of our curriculum. At the time of survey
administration, our institution devoted 24 hours (6 days) of
instruction and tutorial sessions to musculoskeletal medicine
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during the second-year musculoskeletal pathophysiology
blocks. However, except for a 1-hour lecture on fractures and
a 45-minute lecture on bone tumors, no additional time was
devoted to orthopaedic medicine. The primary focus of the
musculoskeletal block was on rheumatologic and metabolic
disorders, which could explain the students’ tendency to
perform better on questions in the others category.

One way our institution has begun to address the
apparent deficiencies through curricular reform is by add-
ing an orthopaedic block to the second-year human systems
pathophysiology course in conjunction with the existing
rheumatologic block with each module lasting 4 days.
Specific learning objectives pertaining to musculoskeletal
conditions of various anatomic regions are incorporated
into the 4 days devoted to orthopaedic medicine. To further
increase the effectiveness of the musculoskeletal curricu-
lum in this area, second-year students will concurrently
learn about the physical examination process of corre-
sponding anatomic regions during the Patient-Doctor II
physical examination course. We plan to evaluate the
effectiveness of these changes in a continuous effort to
improve the musculoskeletal curriculum and also will
further refine the curriculum based on education guidelines
set by the Association of American Medical Colleges for
musculoskeletal medicine [1].

The importance of musculoskeletal medicine in a wide
spectrum of clinical fields dictates medical students should
be well versed in this subject. However, current literature
indicates medical schools are not adequately preparing
students in this field [1-3, 7-9, 11]. Our study suggests
region-specific musculoskeletal medicine represents a
particular area of weakness that may need to be addressed
in the undergraduate musculoskeletal curriculum.
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